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Alkaline metal adduct ions of sphingomyelin were formed by electrospray ionization in
positive ion mode. Under low energy collisionally activated dissociation (CAD), the product
ion spectra yield abundant fragment ions representative of both long chain base and fatty acid
which permit unequivocal determination of the structure. Tandem spectra obtained by
constant neutral loss scanning permit identification of sphingomyelin class and specific long
chain base subclass in the mixture. The fragmentation pathways under CAD were proposed,
and were further confirmed by source CAD tandem mass spectrometry. The total analysis of
sphingomyelin mixtures from bovine brain, bovine erythrocytes, and chicken egg yolk is also
presented. (J Am Soc Mass Spectrom 2000, 11, 437–449) © 2000 American Society for Mass
Spectrometry
Sphingomyelin is an important constituent in ner-vous tissue and plasma membranes of higheranimals [1–4]. It is present in all mammalian cells
and has been shown to be the source of free ceramide
and sphingosine in cell membranes. Both the free cer-
amide and sphingosine found in membranes have been
shown to have powerful second messenger properties
[5–7]. Sphingomyelins are the major lipid fraction iso-
lated from bovine brain and are found in bovine milk
[8]. Because sphingomyelin is a metabolic precursor of
ceramides, which are considered to be among the most
important compounds for skin protection, it has been
proposed for use as an ingredient in cosmetics [9, 10].
Sphingomyelin contains a fatty acyl group bonded to
a basic nitrogen atom of the long chain base as amide,
and a phosphocholine residue esterified to the primary
alcohol residue of the long chain base. The major
subclass of sphingomyelin, namely sphingosine long
chain base phospholipid, is composed of a phosphoryl-
choline ester-bound to a ceramide (Figure 1).
Because of the complexity of polar lipids, character-
ization of sphingomyelin has been accomplished by
separation of the different residues of the lipids after
hydrolysis [1, 6]. Therefore, information on the molec-
ular structure of the intact compounds were lost. To
determine the structure, several direct mass spectromet-
ric ionization techniques, such as chemical ionization
with a moving-belt interface [11], thermospray [12],
discharge-assisted thermospray (plasmaspray) [13], at-
mospheric pressure chemical ionization (APCI) [14],
fast-atom bombardment (FAB) [15, 16], and electro-
spray ionization (ESI) [17, 18] have been attempted.
Recently, Karlsson et al. [18] reported the determination
of sphingomyelin structure by HPLC/mass spectrome-
try with electrospray ionization (ESI) and HPLC/tan-
dem mass spectrometry with APCI source collisional-
activated decomposition (CAD). This method permits
assignment of the fatty acid constituents and long chain
base of the molecule by CAD of the protonated cer-
amides generated by source CAD, in combination with
tandem mass spectrometry.
Both glycerophosphatidylcholine (GPC) and sphin-
gomyelin are choline-containing species, which pro-
duce predominately protonated species under ESI in
positive ion mode. In the presence of alkaline metal ions
such as Na1 however, they produce predominately
[M 1 Na]1 ions [19]. ESI analysis of synthetic and
naturally derived phospholipids can be enhanced with
a sensitivity 2 to 3 orders of magnitude greater than that
achieved by FAB-MS [17, 19], and thermospray [20]. We
recently demonstrated that CAD tandem mass spectra
of lithiated molecular species of GPC [21] and triglyc-
eride [22] provide structural information which permits
the determination of the composition and the position
of fatty acids in the glycerol backbone. Here, we report
the structural characterization of sphingomyelin by ESI
CAD tandem mass spectrometry using its alkaline
metal adduct ion. The utility of low energy CAD
tandem mass spectrometry with constant neutral loss
(CNL) scanning for structural identification and its
potential application in the quantification of sphingo-
myelin mixtures is also demonstrated.
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Experimental
Chemicals and Standards
All sphingomyelin standards: 1-phosphocholine-N-
palmitoyl-sphingosine (d18:1/16:0-SM), 1-phosphocho-
line-N-stearoyl-sphingomyelin (d18:1/18:0-SM), 1-phos-
phocholine-N-tetradodecenoyl-sphingosine (d18:1/24:
1-SM), and sphingomyelin mixtures from bovine brain,
bovine erythrocyte, and chicken egg yolk were pur-
chased from Sigma Chemical (St. Louis, MO). The
designation of sphingomyelin is in the form of d-LCB/
FA, with d referring to the stereochemistry of the long
chain base (LCB) and FA referring to fatty acid.
Mass Spectrometry
ESI/MS analyses were performed on a Finnigan TSQ-
7000 triple stage quadrupole mass spectrometer
equipped with an electrospray ion source and con-
trolled by Finnigan ICIS software operated on a DEC
alpha station. Solution of standard sphingomyelin and
sphingomyelin mixture were dissolved in chloroform/
methanol (1/4) at final concentration of 5 pmol/mL,
which yields intense alkaline metal adduct ion in the
presence of Li1, Na1, or K1. Samples were infused (1
mL/min) into ESI source with a Harvard syringe pump.
The electrospray needle and the skimmer were at
ground potential and the electrospray chamber and the
entrance of the glass capillary at 4.5 kV. The heated
capillary temperature was 250 °C. The lithiated molec-
ular cations were selected in the first quadrupole and
collided with Ar (2.3 mtorr) in the rf only second
quadrupole using a collision energy of 30–55 eV. For
the source CAD tandem mass spectrometry experiment,
the skimmer voltage was set at 30–45 V to generate
abundant fragment ions which were then selected in the
first quadrupole and collided with Ar (2.3 mtorr) in the
second quadrupole using a collision energy of 25–35 eV.
Typically, a 1-min period of signal averaging was
employed for scan spectrum and 1 to 5 min was
employed for tandem spectrum.
Results and Discussion
Molecular Weight Determination by Alkaline-
Metal Adduct Ion
In positive ion mode, sphingomyelins yield abundant
protonated molecular species ([M 1 H]1) by electro-
spray ionization. In the presence of alkaline metal ions
however, sphingomyelins produce alkaline metal cat-
ions [M 1 Cat]1 where Cat 5 Li1, Na1, K1. The ESI
mass spectra of the sphingomyelin isolated from bovine
erythrocytes are shown in Figure 2, which reveals the
complexity of the mixture. The ESI ion abundance
profiles of the mass spectra of the protonated ([M 1
H]1) (panel A), lithiated ([M 1 Li]1) (panel B), sodiated
([M 1 Na]1) (panel C), and potassiated (data not
shown) sphingomyelin molecular species from bovine
erythrocytes are identical, it may therefore be possible
to use alkaline-adduct molecular ions for semiquantita-
tion of sphingomyelin in the mixture [19, 20]. The
similarity in the mass profiles of the [M 1 H]1 species
and the [M 1 Li]1 species was further confirmed by the
bovine brain sphingomyelin (panels D and E in Figure
2) and chicken egg yolk (data not shown).
Characterization of Sphingomyelins by CAD
Tandem Mass Spectra of the Lithiated Adduct
([M 1 Li]1) Ions
As it has been reported by FAB CAD [15, 16], the ESI
CAD tandem mass spectra of the [M 1 H]1 ions arising
from sphingomyelin and GPC yield one major fragment
ion at m/z 184, corresponding to protonated phospho-
choline [15, 16, 21]. Ions reflecting the fatty acid constit-
uents and the identities of the sphingosine base are not
observed (Figure 3A). In contrast, the product ion
spectrum of the [M 1 Li]1 ions of sphingomyelin yields
abundant structurally informative fragment ions that
are analogous to those previously reported for lithiated
GPC [21]. The product ion spectrum of the lithiated
1-phosphocholine-N-palmitoyl-sphingosine (d18:1/16:
0-SM) at m/z 709 yields fragment ions at m/z 650
(Figure 3B), corresponding to neutral loss of trimethyl-
amine ([M 1 Li]1 2 N(CH3)3) (route a), followed by
neutral loss of cyclophosphane [(HO)P(O)(OCH2
CH2O)] or lithium cyclophosphanate [(LiO)P(O)
(OCH2CH2O)], to form m/z 526 ([M 1 Li]
1 2 183) and
520 ([M 1 Li]1 2 189) ions, respectively. Ions at m/z
131 and 86, representing lithiated cyclophosphane and
CH2¢CH–N(CH3)3
1 ions, respectively, were also ob-
served [21]. Further elimination of CH2O or H2O from
m/z 526 via charge-remote fragmentation yields ions at
m/z 496 or 508, respectively. The ions at m/z 502 arise
from a H2O loss from m/z 520, followed by neutral loss
of the long chain base as a terminal conjugate diene or
neutral loss of the fatty acid as a ketene to produce ions
at m/z 280 (a) and 264 (b), respectively. Because ions at
m/z 264 and 280 reflect the long chain base and fatty
acid in the molecule, and the intensity of the latter ion
is more abundant than the former, the structure of the
compound can be easily determined. It appears that
ions at m/z 288 (c), 262 (d), and 256 (e) are always
present in the spectrum along with ions at m/z 280. This
provides confirmation for the identities of the fatty acid
in the molecule. A similar pattern of ions was also
Figure 1. Sphingomyelin.
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observed for lithiated d18:1/18:0-SM (m/z 737, Figure
3C) and lithiated d18:1/24:1-SM (m/z 819, Figure 3D).
The two spectra contain abundant m/z 308 and 390 ions,
representing stearic acid and tetradodecenic acid, re-
spectively. The two spectra also contain ions at m/z 264,
representing the d18:1 long chain base. The fragmenta-
tion pathways (Scheme 1) and the structures of the
above ions were further investigated by source CAD-
MS2.
The Fragmentation Pathways Confirmed by Source
CAD Tandem Mass Spectrometry (Source
CAD-MS2)
To investigate the genesis of the fragment ions in the
tandem spectra, fragment ions generated by skimmer
CAD were selected as the precursor ions, collisionally
activated and analyzed by the third quadrupole. Figure
4 illustrates the CAD-MS2 spectra of m/z 650 ([M 1
Figure 2. The ESI mass spectra of sphingomyelin isolated from bovine erythrocytes (panels A, B, and
C), and bovine brain (panels D and E). (A) [M 1 H]1, (B) [M 1 Li]1, (C) [M 1 Na]1, (D) [M 1 H]1,
and (E) [M 1 Li]1 adduct ions.
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Li1] 2 59) (panel A), 526 ([M 1 Li1] 2 183) (panel B),
520 ([M 1 Li1] 2 189) (panel C), and 502 ([M 1 Li1] 2
189 2 H2O) (panel D) ions, that are derived from
source CAD of lithiated d18:1/16:0-SM. The CAD-MS2
spectrum of m/z 650 ion (Figure 4A) is nearly identical
to the CAD tandem mass spectrum obtained from
lithiated d18:1/16:0-SM molecular ion (Figure 3B), indi-
cating that elimination of trimethylamine is most likely
the primary step for the fragmentations of the lithiated
molecular ion after CAD. There are two possible routes
that lead to the formation of m/z 526 ion via neutral loss
of cyclophosphane (124 Da) from m/z 650 precursor. The
elimination of cyclophosphane involving hydroxy hy-
drogen in the long chain base yields possibly a lithiated
oxethane intermediate (route a1), which successively
eliminates CH2O (route a91) to form abundant m/z 496
ion via charge-remote fragmentation, or cleavages to
yield a lithiated amide ion at m/z 262 via removal of
oxethene (route a92). The elimination of cyclophosphane
involving the hydrogen attached to nitrogen (route b1)
yields a lithiated aziridine intermediate, which loses a
H2O molecule to form the m/z 508 ion (route b91), or
undergoes an aldehyde loss to constitute a lithiated
terminal aziridine ion at m/z 288 (route b92). Because m/z
496 is the major fragment ion in the spectrum (Figure
4B), elimination of CH2O to form a stable ion with a
conjugate double bond chelating to a lithium metal ion
is a likely favorable pathway. Indeed, collision of m/z
Figure 3. The CAD tandem mass spectra of (A) protonated d18:1/16:0-SM, (B) lithiated d18:1/16:0-
SM, (C) lithiated d18:1/18:0-SM, and (D) lithiated d18:1/24:1-SM.
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496 ion under the same collision energy yields a spec-
trum containing no fragment ions (data not shown).
Both m/z 520 and 502 ions are protonated precursors.
When subjected to CAD, the tandem spectrum arising
from m/z 520 (Figure 4C) is nearly identical to that
obtained from m/z 502 (Figure 4D). Hence, the m/z 502
ion arises from a water loss of m/z 520 (route c91) to form
a protonated aziridine ion, which successively loses a
ketene (route c92) or a conjugate diene (route c93) to form
m/z 264 and 280 ion, respectively. The formation of m/z
256 ion most likely arises from the protonated oxethane
ion, which yields a protonated amide ion via loss of
oxethene. This is also consistent with the earlier notion
that ion at m/z 262 in the tandem spectrum generated
from the lithiated counterpart precursor represents a
lithiated amide ion. The fragmentation pathways are
further supported by the identification of the m/z 280
ion. Figure 4E displays the source CAD-MS2 spectrum
of m/z 280 ion, which contains the typical
[(CH2CH¢N)CO(CH2)nCH¢CH2]
1 series ions via
charge-remote fragmentation [23, 24], where n 5 0, 1, 2
. . . , etc., reflecting the fatty acid chain and the remote
azirine charge site (Scheme 1). This is further confirmed
by the tandem spectrum of the analogous ion at m/z 308
(data not shown) arising from source CAD of lithiated
d18:1/18:0-SM molecule. Therefore, an azirinelike inter-
mediate (a9) may be formed, followed by constant
neutral loss of terminal conjugate diene (route c93) to
form a N-acyl-azirine ion (a). Abundant fragment ions
are observed in the m/z range from 30 to 150 in the
tandem spectra of 502 and 520. A series of alkyl ions are
observed at m/z 43, 57, 71, etc., as well as unsaturated
ion series at m/z 55, 69, 83, etc., at m/z 67, 81, 95, etc. and
at m/z 79, 93, 107, etc. The formation of these ions is
most likely derived from charge-driven fragmentation
[22, 25], while the lithiated precursors undergo charge-
remote fragmentation [26].
The CAD Tandem Mass Spectra of Sodiated
([M 1 Na]1) and Potassiated ([M 1 K]1)
Adduct Ions
Under the same collision energy, the tandem mass
spectra of the [M 1 Na]1 ions of sphingomyelins also
contain abundant fragment ions which can be used to
identify polar head group, fatty acyl chain, and long
chain base in the molecule. As shown in Figure 5, the
Scheme 1
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tandem mass spectrum of the m/z 725 precursor ions for
sodiated d18:1/16:0-SM (panel A) yields abundant ions
at m/z 280 and 264, indicating the presence of palmitoyl
acyl and sphingosine base, respectively. However, ions
corresponding to sodiated aziridine (c series) and sodi-
ated amide (d series) are absent. The tandem mass
spectrum also contains fragment ions at m/z 666 ([M 1
Na]1 2 N(CH3)3), 542 ([M 1 Na]
1 2 183), which are
related to the loss of polar head group, along with ions
at m/z 524, 512, 502, 147, and 86, analogous to those
observed for [M 1 Li]1. The intensities of the ions at
m/z 147 (sodiated cyclophosphane) and m/z 86 become
predominate, and Na1 appears at m/z 23. A similar
spectrum is also observed for sodiated d18:1/24:0-SM
(panel B). The dominance of fragment ions associated
with alkaline metal becomes even more apparent in the
product ion spectrum obtained from [M 1 K]1 ion
(panel C), where ions at m/z 163 (potassiated cyclophos-
phane), and m/z 39 (K1) are among the most abundant.
These results demonstrate that the energy requirement
for release of alkaline metal ions is in this order K1 ,
Na1 , Li1. Charge-remote fragmentation and loss of
Figure 4. The source CAD tandem mass spectra of (A) m/z 650, (B) m/z 526, (C) m/z 520, (D) m/z 502,
and (E) m/z 280 ions generated by skimmer CAD of lithiated d18:1/16:0-SM molecule.
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alkaline metal ion appear to be the two competing
processes at both low energy CAD and high energy
CAD [26]. Therefore, when formation of alkaline metal
ions becomes the major fragmentation pathway, struc-
turally informative ions arising from charge-remote
fragmentation become less abundant. This is consistent
with the notion that c and d series ions are absent in the
tandem spectra obtained with sodiated and potassiated
molecular species. As described earlier, loss of trimethyl
amine is the primary step leading to the fragmentation
for [M 1 Li]1. The source CAD-MS2 spectrum of m/z
666 (panel D), arising from sodiated d18:1/16:0-SM (m/z
725) yields a spectrum similar to that obtained from m/z
725 (panel A), but ions at m/z 147 become the most
Figure 5. The CAD tandem mass spectra of (A) sodiated d18:1/16:0-SM, (B) sodiated d18:1/24:0-SM,
(C) potassiated d18:1/16:0-SM, and (D) source CAD-MS2 of m/z 666 ion produced from sodiated
d18:1/16:0-SM.
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abundant and ions at m/z 86 is not observed (the m/z 86
ion is also absent in Figure 4A). This is consistent with
the proposed structure for m/z 86, representing a
CH2¢CH–N(CH3)3
1 ion which would not be present in
the CAD-MS2 spectra of the precursors where the
trimethylamine group had been lost (i.e., m/z 666 ion).
For both CAD MS/MS and source CAD-MS2, the de-
compositions of alkali-metal-cationized precursors pro-
gressively become dominated by release of metal cat-
ions as lithium is replaced by sodium or potassium
metal ions. The competition between direct loss of the
metal ion and remote decomposition leading to cation-
ized fragment ions became so apparent that there are
little discernible organic fragments and therefore struc-
turally informative ions become less available for [M 1
Na]1 and least available for [M 1 K]1 ion species.
Figure 6. The CAD tandem mass spectra of the sphingomyelin mixture of bovine erythrocytes
obtained by (A) CNL scanning of 59, (B) CNL scanning of 183, (C) CNL scanning of 207, (D) CNL
scanning of 213, and (E) precursor ion scanning of 184. Tandem spectra obtained from the above scans
illustrate the profile of sphingomyelin phospholipid in the mixture.
444 HSU AND TURK J Am Soc Mass Spectrom 2000, 11, 437–449
Identification of Sphingomyelin Class via Constant
Neutral (CNL) Loss Scan
Constant neutral loss scanning has been previously
reported for identification of GPC class in biological
extract [21, 27]. Both GPC lipids and sphingomyelins
possess phosphocholine as polar head group. In the
CAD tandem mass spectra, the major fragment ions
arising from CNL involve the participation of polar
head group [21] and are among the most important
fragmentation pathways for both GPC and sphingomy-
elin. Figure 6 shows the tandem spectra of sphingomy-
Figure 7. The CAD tandem mass spectra of the sphingomyelin mixture of bovine erythrocytes
(panels A, B, and C) and of chicken egg yolk (panels D and E). (A) CNL scanning of 429, (B) precursor
ion scanning of 264, (C) CNL scanning of 427, (D) CNL scanning of 213, and (E) CNL scanning of 429.
CNL scanning of 429 and precursor ion scanning of m/z 264 classify sphingosine subclass. CNL
scanning of 427 classify dehydrosphingosine subclass and CNL scanning of 213 classify sphingomy-
elin phospholipid.
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elin from bovine erythrocyte obtained from a CNL scan
of 59 (panel A), 183 (panel B), 207 (panel C), or 213
(panel D). The mass profiles obtained from these losses
are similar to its ESI mass spectrum (Figure 2B) and the
parent ion spectrum of the protonated sphingomyelin
obtained by scanning of m/z 184 (panel F). However, the
spectra have been significantly simplified thus, facilitat-
ing the identification of the sphingomyelin class in the
mixture. As discussed earlier, fragment ions at m/z 264
(M 1 Li1 2 429) is characteristic of the sphingosine
long chain base (d18:1) subclass, which represents a
combined neutral losses of lithium cyclophosphanate,
H2O and sphingosine as a conjugated diene from [M 1
Li1]. Therefore, identification of sphingomyelin mix-
ture with the sphingosine long chain base subclass can
also be achieved by CNL scanning of 429. As shown in
Figure 7, the mass profile of the CNL spectrum of 429
(panel A) is equivalent to the parent ion spectrum of m/z
264 (panel B), which clearly shows the class of 1-phos-
phocholine-N-acyl-sphingosine molecules in the mix-
ture. Sphingomyelins with d18:2 (dehydrosphingosine)
or d18:0 (dihydrosphingosine) LCB in the mixture were
further identified by CNL scanning of 427 (panel C) or
431 (not shown), respectively. The CAD tandem spec-
trum obtained from CNL scan of 427 yields a spectrum
containing ions at m/z 735, 791, 817, 819, 845, and 847.
This is consistent with the results obtained by CAD
product ion spectra of individual molecular species
(Table 1). CNL scanning of 213 and 429 performed for
chicken egg yolk (Figure 6D, E) and bovine brain (data
not shown) samples easily reveal sphingomyelin and
identify the sphingomyelin with sphingosine LCB in the
mixture.
When both Q1 and Q3 quadrupoles are operated at
unit resolution for a CNL scanning, a tandem spectrum
with unit resolution can be obtained. As shown in
Figure 6, tandem spectra obtained for bovine erythro-
cyte by CNL scanning are all of unit resolution, but the
parent ion profile of the protonated sphingomyelin
obtained by scanning of 184 (panel E) is less resolved.
At a collision energy of 52 eV, both the ion abundance
and mass profile of the tandem spectrum of the mixture
arising from CNL loss of 213 (Figure 6D) is nearly
identical to its ESI mass spectrum (Figure 2B). The
tandem spectrum arising from CNL of 183 at a collision
of 40 eV (Figure 6B) is also similar. However, the
background ions of the two spectra have been signifi-
cantly reduced and unit resolution retained. Because
the ion intensities of both [M 1 Li1 2 213] and [M 1
Li1 2 183] ions are the two most abundant under the
applied collision energy, spectra obtained by these
losses not only permit structural determination as de-
scribed above, but also may provide a sensitive method
for quantitation of the complex mixture. It appears that
Table 1. LCB-FA compositions in sphingomyelin as obtained by ESI CAD tandem mass spectrometry from bovine brain, bovine
erythrocytes, and chicken egg yolk
Bovine brain Bovine erythrocyte Chicken egg yolk
MLi1
Fatty
acid LCB
Relative
abundance
(%) MLi1
Fatty
acid LCB
Relative
abundance
(%) MLi1
Fatty
acid LCB
Relative
abundance
(%)
681 14:0 18:1 ,1 681 14:0 18:1 2 681 14:0 18:1 1
695 15:0 18:1 ,1 16:0 16:1 709 16:0 18:1 100
709 16:0 18:1 13 695 16:0 17:1 4 723 17:0 18:1 ,1
18:0 16:1 709 16:0 18:1 45 737 18:0 18:1 9
723 18:0 17:1 1 711 16:0 18:0 15 751 19:0 18:1 ,1
735 18:0 18:2 6 723 17:0 18:1 5 765 20:0 18:1 1
737 18:0 18:1 74 16:0 19:1 791 22:1 18:1 1
751 19:0 18:1 1 18:0 17:1 793 22:0 18:1 3
765 18:0 20:1 6 735 18:0 18:2 1 807 23:0 18:1 ,1
20:0 18:1 737 18:0 18:1 10 817 24:2 18:1 1
791 22:1 18:1 8 765 20:0 18:1 2 819 24:1 18:1 3
20:1 20:1 791 22:0 18:2 10 821 24:0 18:1 2
793 22:0 18:1 8 793 22:0 18:1 45
805 23:1 18:1 6 805 23:0 18:2 3
807 23:0 18:1 8 807 23:0 18:1 10
819 24:1 18:1 100 817 24:1 18:2 11
821 24:0 18:1 28 24:2 18:1
833 25:1 18:1 11 819 24:0 18:2 78
835 25:0 18:1 10 24:1 18:1
847 26:1 18:1 7 821 24:0 18:1 100
833
25:1 18:1
5
25:0 18:2
835 25:0 18:1 10
845 26:1 18:2 4
847
26:0 18:2
8
26:1 18:1
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collision energy governs the intensities of the ions in the
spectrum. Further studies in the application of CNL
losses to the quantitation of sphingomyelin mixture are
under investigation.
Identification of Molecular Structures in
Sphingomyelin Mixtures
While the mass profiles of the alkaline-metal adduct of
the mixture provide the information on the molecular
species, the CAD tandem mass spectra can be used to
identify individual sphingomyelin in the mixture. The
compositions of the sphingomyelin mixture from bo-
vine brain, chicken egg, and bovine erythrocyte, as
identified by CAD tandem mass spectrum of individual
[M 1 Li]1 ion, are listed in Table 1. For bovine brain,
bovine erythrocyte, and chicken egg yolk sphingomy-
elins, 20, 26, and 12 molecules were identified, respec-
tively, close to those reported by Karlsson et al. [18].
However, discrepancies in molecular species were ob-
served. For example, in bovine brain, 19:1-LCB was not
observed by us and others, but was reported by Karls-
son et al.; ion at m/z 735 was identified as d18:2/18:0-SM
by our method but this species was not observed by
others [11, 13, 17, 18]. These discrepancies in the com-
position of minor components may arise from limit of
detection by various methods and variation in the
samples. There are two isomers in the molecular species
of m/z 709, 765, and 791 of the bovine brain sample. The
CAD product ion spectrum of m/z 709 (Figure 8A)
clearly shows ions at m/z 280 and 308, reflecting 16:0
and 18:0 fatty acid respectively, and ions at m/z 264 and
236, representing 18:1 and 16:1 long chain base, respec-
tively. Because the m/z 264/280 ion pair is observed for
d18:1/16:0-SM (Figure 3B), the 236/308 ion pair can be
easily assigned as d16:1/18:0-SM. The structure is fur-
ther confirmed by the source CAD-MS2 spectrum of the
m/z 502 ion (Figure 8B), which yields m/z 264/280 and
236/308 ion pairs, reflecting d18:1/16:0-SM and d16:1/
18:0-SM isomers, respectively. In bovine erythrocyte, at
least two isomers were observed for the molecular ions
at m/z 681, 723, 817, 819, and 847. The identification of
Figure 8. The CAD product ion mass spectrum of the lithiated sphingomyelin molecule of (A) m/z
709 ions from bovine brain and (B) source CAD tandem mass spectrum of m/z 502 ions generated from
m/z 709. (C) The CAD product ion mass spectrum of the lithiated molecular species of m/z 819 from
bovine erythrocytes. The tandem spectra clearly show two isomers for each mass.
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isomeric composition of these molecules is exemplified
by the CAD tandem spectrum of the m/z 819 ions
(Figure 8C). The spectrum contains m/z 262/392 and
264/390 ion pairs, representing the d18:2/24:0-SM and
d18:1/24:1-SM isomers. The c-series ions at m/z 398 and
400, d-series ions at m/z 372 and 374 and e-series ions at
m/z 368 and 366 are also present in the spectrum that
further confirm the identities of the fatty acid constitu-
ents. As compared to the m/z 264/390 ion pair observed
for lithiated d18:1/24:1-SM standard (Figure 3D), the
isomer with a d18:2/24:0-SM structure can be easily
determined. The major LCB constituents for the mixture
are 18:1 and 18:2 and whole array of fatty acid from 14:0
to 26:0 were detected. The chicken egg yolk sphingo-
myelin is uniformly composed of 18:1 LCB with 16:0
and 18:0 as the major fatty acid constituents. This is
consistent with the results obtained from CNL scanning
of 429 (Figure 7D), reflecting the sphingosine subclass
in the mixture.
Conclusions
Electrospray ionization in combination with low energy
CAD tandem mass spectrometry using product ion,
precursor ion, and neutral loss scans provides a quick
and reliable method for structural determination, and
profiling the sphingomyelin content and distribution in
the mixture. Because samples of biological origin may
contain impurities that may cause ion suppression,
separation of sphingomyelin class by HPLC prior to
direct infusion in combination with the above described
tandem mass spectrometry with CNL scanning may
have great potential in the simultaneous quantification
and qualification of sphingomyelin mixtures.
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